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,„c a-,>K.v-l of ft»m hytosen is U« M«™ which »as by .he m=mbrarc. 

,„„«v.., in *i» current tav«..ion «.r.™ ^*lch i. ««.tcd and scpa,««d .he ,wo 
„,.nbran« is .h. s.r.» .ha. 0^ ■n™^'"""' 
,„o,„bra„e and .hen via *c nax, inner membrane. Thi» ia an ad«ona, 6-' 
hcwccn .he ^.en«. Moreover, .he diae,oa=d and el^n»d process car, cau « 
;„ „u... .han one ..gions, v,hi.e ,he iapanese process enei^es ea,a,ys. only m o,.c 
,„ a regular ilxcd bed CalyUc reac»r. Moreover, *e dlsU,K.ion. of .he ,.ven,«^ pr».. 
;„„, previous ar. including .his Japanese docun,cn. are sun.™ri«d in a deunlc^ .anncr 
,„ oar Respond .o Mca Ac.io„ of 01/2./2002 n,^lod .0 USPrO on May 2K. .00.. 

These distinctions arc maintained. 

rhc inventor, based on th. abov«. petition for the allowance and .suancc of th.s 

patent application and the accompanied claims. 



RKM ARKS SECTION 

,he new tended claims ,34. ,35. ,36, ,37, ,52, ,53, ,54, 155, .70. ,7, ,7. 
,li„ed v.i. .his an^nded appliearion replace .he claims of .he „r.,^ 

,._.cre^in.^mUSnO»— ^^^^^ 

:!::;;lrio.edJ.nU.epa«n.ap.ica.io„.A^ 

„„hc »cndcd Claims are submi,.ed »^h„. ^ 

■|-hc iwo inventors Dr. Vasdcadts and Dr. /.laka or 
„i„,i„vc„.orsina,l disclosed amended cWm, sabmhted 134,0 ,72^ 

The new amended specification cont^ns no ne» ma.u.. , doubie s^cd a 
..ded in,o n pa™,raph.. This new speeincarion repiaces ,he p^.ous .suhrndted 



II 
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original specification. The first three reactions mentioned in the original specification 
have been numbered (1) to (3). In the later text of the specification, some of these 
numbers were misspelled and they have been comrcted in the current spccificmion md 
are shown in the marked up copy of the specification. 

A new Oathmeclaration completed with the requested informaUon and signed by 
both inventors is submitted per the Examiner's request. 

The information disclosure statement has been completed with the requested 
informaiion and has been mailed to the USPTO at an earlier date. 

The inventors have already submitted Drawings 1 to 13 of the application m the 
DSPTO with the original filled specification of 3/14/2000. 
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Amended Claims 

Application number: #09/525,176 
Filing Date: 03/14/2000 
inventors: Dr. Savvas Vasileiadis, 
Dr. Zoe Ziaka 



claims'* 



"Version with markings to show changes made in 
(With respect to the amended claims, Nov.l, 2002) 



I Welea Matter is shown in brackets, e-g- ("--"rane reactor] 

Added matter is shov™ i,> bold letters e.g., per-reaCor aad «pan..«r, 



R«(l»eilliiiii< >d3Mmi3W|E«i*™StmWIi»l 
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AM1;NI)I£D CLAIMS 

134. (amended) A process for conducting catalytic reforming of hydrocarbons and 
.icohols .ilh steam and carbon dioxide for th. production of pure hydrogen which 

includes: 

., liT outer imp.rm.abl. hollow tubular oylinto ,«..1»8 two more c.n>eer,ric 
tubular cylinders, a aex, inner and a most inner one, having the mo». inner 
pcmteabie eylinde, to be neated wimin Ute next inner permeable cylinder thu. defining 
,hr^. different annular ..nes including next inner membrane and mot inner membra,«. 
,vi,h .he most inner permeable cylinder to be filled with a ^forming catalyst and include 
heaiing ,u.«s located along the most inner axis, with the catalyst to be in pellet or 
,,„icle form, with the hydrogen product to be continuou* -emoved via permeation 
„„„.g ,ho most inner membnu-e wherein the membrane is made [byl fr,.n an inorganic .« 
.Oiupositc material, with the mmalning reaction species to partially permeate as well via 
mos, inner membrane, and with the permeated specie. . be dilute by an ine« currier 
noting along the next inner annular zone, with hydrogen only to be c„n,in«sly 
.moved Via permeation Jong the next inner membrane a™, allow Cor contincu, 
Hvtlroge,, withdrawal out of the most Inner catalytic «>ne and for eontinuou. e,uilibriu,n 
*in or the reaction, evolving within this «.ne. with next inner membrane to tnade 
l^v, from a metal or non-porous inorganic material penneable only to hydrogen, with the 
p,„e hydr>,gcn to permeau: through the next inner membrane and withdrawn along the far 
Oilier cvlindrical zone. 
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135. (amended) The process of claim 11} 134 wherein the most inner membrane is 
n,ad. Iby) from one or more materials selected from the group consisting of alumina, 
silica, .itania, zirconia. yttria, and the next inner membrane made [by] from one or more 
,„:ucrials selected from the group consisting of aluminum carbide and nitride, silicon 
carbide and nitride, titanium carbide and nitride, zirconium carbide and nitride, tantalum 
carbide and nitride, palladium, silver, copper, zinc, tantalum, vanadium, tungsten. 

m .amended) The process of claim [H 134 wherein the feed hydrocarbon or alcohol 
is a single component or a mixture of components selected from the group consisting of 
..tKano. ethane, p«>pane, n-butan.. i-butane. methanol, ethanol, propanol, butanol, 
naphtha, gasoline, natural gas, coal gas Irich in] containing methane, landfill gas [rich in, 
containing methan., flue gas [rich in] containing methane, biomass and sewage gas 
(rich in) containing methane. 

m l^ncodca, The process of dain, (1) '34 the combine! M h>dr>..rtK>n 

.„J c=ri«n dioxide mixture i. seleCKd f.on the sroup consisting oUCIU and CO: 
„„x,u,e. acidic natural gas [rich in) contatatag CH. and CO,, coa. ga. Irich in] 
containing CH, and CO. .andfd, gas Irich in) eontainin, CU and CO. Wo,na» and 
sc«age gas [rich in] .....inutg Cft and CO. nue and wast, m.^ Itioh i-l 
containing CRi and CO2. 



.tended, A process for conducting cataiytic .fomting of hydrocarbons and 
„,eo„o,» w„h ste... ...d carhon dioxide for pn«t«.ion of pure hydrogen «h,ch inCudes. 

10 
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„ r„r ouler impermcbU hollow .ubular cylinder neXing hvo more concentric 
;.r«M. ..bul^r cyli^.. » «-.-in„c, end a .o«-inner one. heving .he innc, 
pc™,eaMe cylinder >o be ne.«d wilhin ,he nex. inner permeable cylinda Ch» deflning 
„„e d„Te.n. annular zone, including ncK. inner n.en,br«K end n,o« inner ..nbrane. 

.,,„nin, caraly^, wi* .Ke caralys. ,o be in pelle, or particle fom,. «i.h hydrogen ,o be 
,„„U«..ly removed via per»ea«on along ^ -.-inner membrane wherein ,he 
.„..„,branc is nrade ,by, .ron, an inorganic or con,po*e n,a,eria,, with .he ren,.ining 
„.,ion »p.ie. .o pani^ly penneate a, we,, via >he nex, inner n-embrane, and wirh .he 
,„„ea,cd .pecie. » be dil„.ed ^ an incr. carrier ga. Howing along .he n«. inner 
.one. .i.h hyd^gen on,, u, be continuously renroved via pern,ea.ion along the 
„„., ,„„cr .en,b„«e In order .0 «„ow r„r co„„nuous hydrogen wirhdrawa, on, or.he n,r 
ca.alv,ie end tor coniinuous e,ui,ibriun, shift of ,he rcacions evolving wi*,n 
,„„e. wid. ,h. .OS, inner n.en,br.ne .o be n,ade ,by, fro. a n,e.l or non-porou, 

inner cylindrical zone. 

The process of clain, 1.9] 152 wherein «,e nex, inn. n,en,bra„e is n.ade [byl 
r„,™ one or .ore n«.eria,s seleCed fton, .he group eonsis.U,g of alumina, silica. .i.»i.. 
..„„ia. v.,ria. and .he n,os. inner n,en,brane n,ade (by, fren, one or n,ore ».er.al» 

,^«r«.r 7inc tantalum, vanadium, tungsten, 
niifidc, palladium, silver, copper, zinc, lamaiu 



1 1 
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,54. Th. pr.»:.« of claim [19] IM wh«dn ,he f.»i bydroorbon or rfcW i« « sl»8l« 
.,„,p.,ncn. or n mix.ur. of ccmponcnu, »:lcc.cd fmm .roup consi^ing of mv,h«. 
.*,n., prop™. n.buuu.=. i-buU^e, mettuno., «U,aool. propanol. bu.a„<.., naph,l,c, 
^.,li„c, n..u,a. coal 8a. [rich i.) «.ha„- l"'" 

c„„,aimn» mcha.., flu< o, «as» gas [rich in] c....i»ln, mchane, biomass »nd 
tj.'is |ridi in) containing methane. 

,55. The pr..«.s of claim (.9] .52 wharein *e combine. feeU hydrocarbon a,«l 
dioxide ^ ..ixtur. i. «.cc.cd fron, U,c group con.i«in. of a CH, »d CO. 
„,|„„,.. acidic n..ur.1 ga., [nch i„l con,....ng CH, and CO. coa. gas [Hch ,nl 
eo.„.l.lnK CH„ and CO.. landfd, g« Irioh in] confining CH, and CO. hio,« and 
..asc m irich inl c.»..l»l.t CH, and CO.. Hue and wa,.. ga, miMurc Irich inl 
containing CH4 and CO2 

,7... A p,^=s., for conducing caudyUc hydrocarta refonning wi* carbon dioxide. 
r„r pn.iuc.ion of pure hydrogen and carbon dioxide «hich incliule.: 

a far outer in,per„.eable hollow mbular cyUndcr nc«ing .wo more coneeuinc 
p..™cabic .ubuiar cylinder., a nex-inner ^ a most-inner one. having .he n», inner 
^.rmcable cylinder .o be nes.ed wi.hin .he nex, inner permeable cylinder .h,„ defining 
diireren, annular ^ including nex. inner membrane ^d mo,, inner membrane, 

..-..rrnin. ca.al,». in pellc. or particle fonn. wi.h hydrogen and carbon dioxide to be 

i2 
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cminuously removed via penneation .lo«g *e nexlW membrane .l,e«m .he 
,„e„*n« m»de M from an in«r,anie or eomposhe material, ^.ith .he rc„.ainin8 
reacion specie, .o par.ia,ly pe.m=a.e a, well via .he nex. inner membrane and »i* ,he 
permeated »peeie, .o ^ diluted by an i^rt carrier flowing along *e nex. in«er 
annular »n.. with hydrogen and earbon dioxide speeie. .o be eon.inuons,y removed via 
pe™ea,;on along .he mo,, inner membrane, wid, ,he mo„ inner membrane .o be made 
,„v, rram a ,K,lymer or inorganie maieriai whieh i, permeable .o boU, hydrogen and 
e.,h„„ d,o,ide »peeie„ wi.h .he permeaUd bina^ hydrogen^arhcn dioxide mix.u« .o ^ 
wiihdrawo by Cloving along die m05. inner cyUndrieal zone. 

The proces, of elaim 137] 170 wherein .he nex, inner membrane i» made |byl 
rr... one or more ma.erials .eiee,ed frcn ,he group eonsi«ing of alumina, .siliea. .iunia, 
.re..nia, y...a, and .he mo« inner membrane mad. .by] from one o, more mareriai, 
«,«,ed from .he group eon»i.ing o, alrunina, ,i,iea, ...ani. zireonia, y..i. ^lyim.do,, 
p„,yoarb„na,e,, polyben.iimida.olea, polypho»pazene^ polysuifonea. 

, ,2. ne prc.e,a of elaim (37, .70 whe^in .he feed hydroearbon or alcohol i» a single 
.,„„on.n, or a mix.ure of eompone„.s .leeled from .h. group eon.i,.ing of me.hane, 
e,h.,e. p.»,».ne, n-buUme, i.bu.ane. me*anol, ed»nol. propanol. buranol, napKlha, 
,aK„ine. na.ural ^. eoa. gaa [rich in, ecuinin, melhane, landnii g.. Irieh m| 
e„.,.i..ng memane. flue and »a„e gas (Heh in, «....i..« --»ne, hiom.,, a,«l 
.sewage iias |rich in] containing methane. 
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173. The process of claim 137] t70 wherein the combiaed feed hydrocarbon and 
cArbm dioxido gas mixture is selected from the group consisting of a ClU a»id CO. 
.nixturc. acidic natural ga^s [rich inl containing CH^ and CO.. coal gas [rich in! 
containing CH, and CO,, landfill ga. [rich in] containing ClU and CO.. biomass and 
sewage gas [rich in] containing CH. and CO,, flue and waste gas mixtures (rich in] 
containing ClU and CO2. 



Recewedfrom<>al3(28f037:06:03PNI [Eastern Standard 



14 




5^ 



Application number: #09/525,176 
Filing Date: 03/14/2000 
Inventors: Dr. Sawas Vasileiadis, 
Dr. Zoe Ziaka 

ZiV.Tcch ln..l.«.., 15549 D»rb.r„ ,tr«., North HH., CA 9.343..«67, 

USA • ■ 



"VersioD with markings to show changes made 
with respect to the pages of the original 
specification, 3/14/2000) 



Oclcled Mm..r Shown in bn>cRe,s. [membrane reactor] 

Added ,na..er U shown in bold letters. e.g., per«.«.«to. 



Received from <> at 3128(03 7:06:1)3 PM (Eastern Standard Time] 



MAR-29-03 0T:45 AM 



i,„p«™.,h,e shell which i» Int^connccted wiU, dl .h. n,embran. «h=s »d «al»i 
,<„„ ,hc Ba^:. n^wing in.0 U>. «ulyUc reaclion (3,. OpOonally, « nowins 
,.„„p..„„, can now along «,e im-c mcmh^n^ .ubc (., u. ,w«p and dilut, .h. permeate 
gas us it lluws through the tubes. 

,„ „, „„ optional design, =a«lys, in forn, of pellet, or particte (4) can be conlaincd 
„i,„in the inner side of *c polymer membrane «be, .0 c.,^ ^hablc ca«ly.ic r..ac,ion. 
(,„ch a, bydmBcnation,) in »hlch one of .be reacting species is permca-e hydrogen and 
„e other reaction species are contained within the lowing gas. Such a «o«™ng (sweep, 
component can he an unsaturated hydrocarbon (e.g., ^Icenes, alkynes, for conversion to 
..tuntted hydrocarbons, after reaction with hydrogen, in an exothermic reaction. Plowing 
„weep, componen, can also be carbon monoxide fo, direct production of methanol or 
g„«,i. (through Fischcr-Tropsch synthesis) after combination with the permeate 
.vdrogen. in exothermic type reacUons. riowing gas cen be nittogen for exothermic 
amtnonia synthesis after it. combination with the permeate hydrogen. Other combination 
r..nct,ons with permeate hydrogen over specWc metallic catalysts, can be mese for 
reduction of aromatic hydrocarbons, a.», these for saturation of unsaturated alcohols, 
pbcnols. aldehydes. Ketones, acids, these for reduction of and aryl halide, and these 
,„ reduction of nitro^ktmes and a^m^ic ni.ro compounds to corresponding primao 
,„,incs. l-art of .be heat generated by the exothermic n».ion. in .he inner side of (he 
,„K,, may he transfcncd across the memhrones. in,o ,he common ca.aly.ic rcacion «tne 
.urrounding ,he multiple membrane .ut«s, thus providing pan of the hea. load 
necessary .0 drive the cndotbermic catalyric reactions in caBlyst .one (3). 



21 



,c >Ho. ro, reducion of «on,a,,c hydrocar^oa,. aUo for .a«,.«on of un».unu.d 

a... fo. reducion of ni«oa,ka.. a^ a™™.ic nUro compound, » corresponding 

primary amines. 

„ TKc d..c,i^ procc aw. ,o overcome ,hc .henoodynamic cuUi^nun, 
,i„,„a,io„s„fhydroca,bon(CH„andCO,rca«an.convc„i„n,U.cough,hc™ova.ofIh 

„„,v or »d CO.g.«. .n — = pormrcacor Aand pcnn«..or D. ca,or,nc 
v„,.. or .HO ob.ain«d H=, CO prod., in pcnnrcacor A, ia higher d,an of .h. rvaCan, 
MrocarK. ,c.,., CH.,, CO. and .ca. and*e endo...r™ic ..a. of ..aCion i. .on=d in 
,K. p™d„c>. which can be ,ubs»,o.n,ly u»:d a, lUcI, or in chemical .yntai. 
4„ A^nns co„v«io« of .ac.ion. („ and 1,3)1 («. -d n=acion .n 
.,.„H,i„n, in pc^-^or A, 2 n,o, of C ,wKh hea. of con,h,.«ion: «5.6 .ca„. , -no, 
„, ,o, (wi,h no ^ of comhuation), and 1 mo, of H,CH„ (wi.h no hea. of com.u,uon,. 
,„,*.e 3 mo, of CO ,wiU. hea. of combn».on; 202.« Kc.„ and 5 mo, of H, ,wi.h haa. o, 
„„,W.,on. 54,, 5 .ca,, These va,u.s arc a, 2S'C. m. corresponds ,o ahou. 2.% 
„,,..asc in ca,o„nc va,ue for *e prCnC. P.doU,ennic hea. can he provided in reformer, 

«p flue or waste gases or unrcacted recycled 
A and 1^ through the combustion of flue or wasie fe 

t the exit of reaction zone of reformers A and V. as also 
h) drocarbons coming out of the exit or reacH 

described inrigs.land3above. 

in an a,.en,a„ve design, permea.or D is rcp,aced by a ea»,y.ie permreae.or U 



ptirntrci3 

u 
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^ proviW in dchydro^e^-or A through combust™ of Hu. or w.„c 
Mrc^arbon. or unr«cW r«ydcd hydroc^ns from .Ke ration zone of n=»c,or A 
al«. dcKribcd in embodimcnlsof Hies.1,3 and 5 above. 

. , Por..able dchydrogcnau., A can b. substituted by m,n.pcrr,cable (eg., non- 
»ainl». stcci »am dohyd,.gena.or A. Valve A, «>d stream lb arc eiiminatcd and 
,1, „«.,cacdon gases-exit from stream 2. Penneator C still operates in same function as 

dcscribal ^hovc. 

,,: ,,g.,, is an embodimen, »hich is related with these described in Figs.6 and 7, bu, 
„Uh stream 1 to contain hydrocarbon fecdstoeVs such a.s methane o, higher a,ka« such 
„.ph.ba and natural gas. also alcohol feedstocks such as methanol, ethanol. propanol. 
Manol ■ni.cd with steam only and introduced in caralytic pennreaetor A which is ftlled 
vith catalyst panicles to co»Juc. the methane s,«un refcrming reaction (1) and .he 
simuUan»usly scarring water gas *ift reaction 1(2,1 (3). Some hydrogen may be added 
i,„„ .ream 1. which is usu^.y between 1-15% of the feed volume, to depress carbon 
(■„„„„,ion from hydrocarbon cracking especially in -he inle, of the reactor A. 
, ; CaitdyUc permeable reformer A, is of a,^ of the types described in embodiment, 
,.r Vigs. 1 .2.3.4. and 5 above, with H. to be separated in permeate stream lb via valve A, , 
i„ genera, caae. Ih and CO: combi«l. can be separated in penncate stream in s^.ial 
app,icati-».. if an organic membmne is used in ^rmreaetor A. Tlre rejected exit stream 
me permreactor may contain product CO. CO. unreaced su=.m (H:0<g,, and 
Mn^arbon. and non-penne«e H. litis str- heco- — ^ " 
.,ch.mgcr B. where the unreaCed steam is removed through condensation, and by the 
„.,„ .«.„nglng proee,. new a,e«m is .».e-d in «r.a- « f-o. d,. w... — of 
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s,.a,„ 7, S,«»n P^viU. ..can. in penn.c3c.or A «nd KaCo. E U,ro„sh sTcam. 6 
,0 -.0 rcspccivcly. in an al.cma.ivc o, simutaccu, n,an™=, via use of valves Bl.Kl. 
n,c s,«a,„ in 8 acuircs .he «^ ^ ^ -™ ^' ^ 

,„c.>,ns una 14 which arc fed di«c,ly inu, rcaCors A and E respecUvcly. 
M S,can, from 8 i. used via «re««. .0.20 and valve E. » P«.vide inirlal s.e.n, in 
MW,ne, U. Siream 9 pa.e. .hrou^h a bod of particle. (moi,.urc ad-sorhen.) C .o rcn,ovc 
,„„ non-conden^d .racea of moi,.ure and .hrough exi. «rcan, 1 . en.er. in.o n^.bran.- 
^..„a.>. D. S.rcam 1 1 ha, b«n cooled in .cmpcra.uK of pcn,ca.or D and con,ains CO. 
CO,, unrsncted liydrocarhon, noniwrmeatt H; gas spccies- 

„, ' „ „ b,«h 1.. CO, arc removed in pconca.. sucam 12 of pcnnca.or D. 
,„roagh .hc pcnnseicciv. action of a meul, non-poro. inorgaoic. carbon or organic 
,„e,nbrunc rcpcCively. Non pcrmeaiing »«ea« confining hydrocarbon (..g., ClU,, CO 
.„j CO, or hydrocarbon »d CO ra.p.c.ively. depending on .he .ype of membrane u»»l 
i„ p.,mca.or D, e,iu from permca,or D, *ro.gh ^rcam 13 a. .ice. ,m.n,. In ca.sc 
.„c,» ...cam 13 con.ains hydrocarbon »,d CO i. can be recycled via valve Dl and 

.ream 5 in.o f.r». permeable reformer A for con.in^ua reforming and conversion u, 
„, „,a C0= produc.,. AUcmaiivcly. by ua. of valve Dl. .ream 13 become, .ream 

„ Which e„«r. in,o ..cam reformer E .or addi.ional reforming and shift reao.ion. via 

,..„c,i„n.. ,1. and m O) 

therein ».ream 13 conrain, hydrocarbon. CO and CO,, uaing valve Dl. s-a-am 13 
^.eomc, ..ream ,4 which cn.ers in.o modifed ,«»m »d CO. reformer E fcr addi.ional 
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p,,Hid«l ..Jo.bon.ic h=a, of r«cUo„ U »«,«d in .he produm mi cm be suh»o,ua«ly 
,dca»cd l,y using products as fuels or in chemical synthesis. 

Assuming .00% conversion of reaction, (1) and |(2)1 (S). 1 mol of Cll. (»i.h 
heat or combustion: 2.2.S icca.) and 2 mo. of ..,0«S (wid, no hea, of combustion) 
,™c,a,e . mo, of CO. i™.h no hea. of combustion) and 4 mol of H. («ith hen, o,' 
Ciltubuslioii: 

:7.V4 kcl). l-he^. values are a. 25'C. This corrcspotKU to about 2«% increa^ in caloriilc 
v,.,„c for ,hc product ^.ses. By providing external heat through .,ue or waste gas input in 
,hc refo^crs and with the deserib^-d two heat exchangers in place, the cnerey 
„,ui.men, of the one reactor^one permeator or mo n:.K.or-oae permeator cascades ,s 
,„,fi„cd and the processes ope^u:. in a thermally independent manner providing for an 
o„c,«. elTtcien, design, Endodtermic heat can be provided in reformers A and H Utroush 
combustion of flue or waste gases or unreacted recycled hydrocarbons from the 
reaction .one of reformers A and E. a, also described in Kies.l.3.5 above. 
7„ Fi„.IO. is an embodiment of a steam and CO,, hydrocarbon reformloB process 
whici, includes a permeable reformer or a non-permeable reformer followed by a 
cr,o,enic separator for .ep«a.io„ of certain post-reaetion gases exiting from *e rejec, 
™, of the reformer. In Fig.lO. stream I i. in«od"Ccd into cauUyic permreactor A, 
containing hydrocarbon feedstock, such as med.ane (CH.) mixed wiU, steam and CO, for 
condtu^ting simultaneously re»:tion, (.). (2) and (3). or mixed with CO: only for 
conducting n=«ion, (2) and (3). Some hydrogen may be added into «,«,m I, which is 
usually between .-.5% of U.e feed volume, to depn=,. carbon formation from meU.ane 

3t 
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„„u.a .na »l. produc, H. 1. inc.ua«. in po..-r.acU„n mixtu. .nuHn. .hrou,,, 

Stream 2 into cryv>g«snic separator B. 

.. is a ..odifled .mbcdun«>. of*. pro«» dcscriWd m l-is.6. applta .0 

eo,.,p,c,e c„av.™ion of h,dr«a^. O-C ™i Cft -«a„«^ "f 

p..„„eablc crooner A, .» Ih and CO produc.,. The occumng rcacioa, arc m^)■0^ 

Ca,aly,ic pe-ncaHc «fo»,er A. of ^ of .he .-p.. dccrihcd i„ 

via vaiv. AL ..:xi.ing from p.n"-u,r, slream 2. confining o.ly CO and n™- 
^.,„«a,in. H=. or CO. „on.p«n„«aUo, .b, and .nw. of a„r..c,^ ..can,, cn.cr, i„,o „ 
,o„a oxidc fuc. cC, (SOFC, uni, B. Stream 2 I. dir.c.cd in anode of .h. «„id oxide 
and con,i».» mc ^ cona,i..cn. of .he fuel coli, O, in .ream 4, is din^.cd in U,e 
.a,K^ of *e fuc, «U and Iconsis.) c.^.. -he oxidan., for .he wci, kno»„ 
„„,„.ebc,nica, rcacion conduced »i.hin *c cell wi* dcCHo current ^eneralion: 
In Anode: Hi + O^' ~« HjO + Ze 
Ui Cathode; 0! + 4e" — 'ZO'' 
optional,,, pat. of hydto^en from permea« strc«„ 3, can be fed into s.,«am 2, via bypa. 
,„e„ ,b. .0 adi- the composition ofH, in «rcam 2 «. .hat required to feed the B.c, cCI 
„ ., hc rclormer A can be opUona.,y aub.ti».ed by a non-permeab.c reformer A. »hcre,n 
a„ prodect H, i, included in exit stream 2. FIv. gas streams 5 and 6. are used ,0 provide 
^aotbermic heat content into the refonncr A. Stream 5 can be fed by a bypass st^am 
strcun 2. as also described in embodimen.s of Figs.,.3.5. Penneable n.-fonner A 
substituted by a non-penncab,e (e.g.. .u,inle,s stc.,) Kfomter A. Valve A I 
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cdl » slill opcralcs in some function as dcscriboi above. 

74 ..-ig.,!. is »n .mbodimen. which dcscriber, a modilW opcralion of te p-.h».sk 
Ucscribcd in U applies .o complete conve«io. of hydroc^bon (i.e.. CIW and CO. 
«c,„nu or ..ream 1, within the r«,meable refonnc, A. to H. and CO product. The 
..currin. reactions within the former a. (I),(2).(3) or (2),(3) only. Catalytic permeable 
,er..„ner A. is ol'any ofthe type. d«eribed in embcdiment. of Figs. 1.2A4, and 5 above, 
„,i„. H, ,o he separated in p.rm«,te stream lb via valve Al. Bxiting fmm the 
pen„.:ae.,.. stream 2, containing only CO and non-permeating H„ or CO. non- 
pe„„ea,i„g and traces of unreacted ste«n, pa.<». -trough hea, exchanger n and 
.„is..,n. ad«,rbent C to remove unreacted steam, and enters into pcrmeator D a, a dry 
„..a,„. Hydrogen is separated in stream 11 from carbon mo«,xide. rejected by the 
m.„hrane. and exiting via stream 12. Carbon monoxide, via stn=an, .2, can be optionuUly 
red into a consecutive water gas shift reactor E for conversion to f.nal .1. and C0= 
products, A heat exchanger F is used in exit ofthe water gas shift reactor K to remove 
.,v unr.,c,ed steam, with fnal «ream .5 to contain only Ih and CO.. The reformer A 
e.™ be optionally .ubsUtu.». by a non-permeable refomter A, wherein all reaction pr^luct 
1 1 , is included in exit stream 2 and stream lb. valve Al an: eliminated. 
75 Hydrogen from stream li can be used in applications mentioned alrcndy in 
,.,„K,din,en, described in Fig.6 and Fig... Similarly CO from stream 12. or 11= and CO. 
r„,n. stream l.'i can be used in aforementioned applications described already in 
cinhodimi:nls of Vigs. 6,9 and 10. 
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,„.a,„ 14 i, 11, and CO,. SK«>, in recclo, K provided tou^h ,uc«ms 6.10,13, [120)1 
,5 which is 8cn.^at«d by the hea. exchanginB process in h«t exchans^rs B and F. 
77 Pu.^ Ih and CO. mLMur. torn «i. «r=an. H, «. be u«l a. feed in molun 
earbona,. luel cell, or in al.ema.iv. .n..hanol .ynteia via .he opposi.. reacion or 
„,c,hu„ol .H.«am n^formina, li<«d above. Optionally, bypass «ream 16 can be fed inu> 
Mrca,n » .o add CO, and Ih in.o .he »yn*e.l. ga, m,«u,e fed in.o reacor D, ,o adjM i» 
„„.^,..i.ion for increa^ins n.e.ban«l prod«..ion efr.eie„cy in ,he ca.aly« in reac.or D via 
,hc ,c-ver,e ( 13.2, reacion. Optionally also, «ream IC which i» a bypa« srrean. of ..ream 
,h and co„.ain, pure hydrogen, can be recycled in.o ..ream 8 via ..n«m ,6. for adj.«in. 
,he hydrogen eompoaidon in .hi. «,eam where necessary, .o inc«ase U>e enieieney of 
„c,hano, synthesis in rvacor D. S.rea.s 1.5 «.d Ic merge in.o s.rean, .6 via valve Dl. 
7, Hydrogen in s.„:an, 14 can be used a. a n,ix.un= wi* CO,, or a., pure H. ato .he 
0>. condcn.a,ion and ren,ovM. Produced hydrogen fton, s.,ea.. lb and 14. can be u»:d 
„ .pp,ica,ions n,en..oned already in emb<,li.e„« descnbcd in Fig,6 and l-ig... The H: 
a„d CO, .iMure of s.rean, 14 can be u^d in syndesis or «.e, applica.lon. n,on,ioned 
.heady in same en,bodi^n«. Refonners A and E an= endo.hermic and Hue g^ ..reanrs 
, 4 and 1 «.« respecively are used .0 provide .he .-ces^ry hea. con.en. ,o drive ^.rallel 
...Uon. ,.,,<2., (3, and 113.2, respeCively ,o eon,pleUo„. Streams 3 and 1« can be fed 
hv a byp.«s stream of sUcam 2. Optionally, reformer A can be a non-penneable refon^er 
only one p.«..reac.ion ouUe. lex,.,, .hi. of «ream 2, which deliver, all produc., and 
„,eac.cd reacun., in.o *e heal exchanger B and next into reaelor D, 
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